the real beginning of experimental research following the discovery of the tuberde bacillus.
It seems no mere coincidence that several of the most distinguished of our American scientists, Professors Welch, Prudden, Theobald Smith, and W. H. Park, and the physicians Trudeau, Osler, and Biggs were all on the threshold of their careers at this period. At the time, German medicine obtained the ascendancy for American students although the Pasteur Institute furnished much creative leadership under -mile Roux.
Trudeau began his laboratory experiments in 1885. Among his first was the so-called "Environmental Experiment" to contrast indoor with outdoor life in their effects on inoculated rabbits. Some of the animals were turned loose on an island; others were confined in a dark cellar.
The first knowledge of Trudeau came to me in 1887, when I was a medical student at Yale. One of our teachers had seen the rabbit island and described Trudeau's experiment to us. The favorable effect of open-air life on the tuberculous animals* made a lasting impression on us.
Almost coincidently in the early nineties Trudeau and de Schweinitz made efforts to immunize animals, after the methods of Pasteur, with cultures of low virulence.
Samuel Dixon in Philadelphia actually published the first note on attenuated bacilli in 1889.
Prudden and Hodenpyl showed in 1891 that dead tubercle bacilli could produce tubercles and even caseation, a fact of great importance in later investigations of immunity.
The discoveries of the typhoid, cholera, tubercle, and diphtheria bacilli which followed in quick succession in the decade 1880-1890 brought feverish activity to the laboratories of this country as well as to those in Europe, both in human and veterinary medicine. We note at this time the entrance of public health departments into the study of tuberculosis.
Outstanding work was done in the United States Bureau of Animal Industry by Theobald Smith, Salmon, and de Schweinitz, and by Dorset, Pearson, and Ravenel in Pennsylvania.
It was in 1895 that Smith definitely proved the difference * Incidentally, the difference between bovine and human bacilli was not known until later and the recovery from inoculation with human bacilli would not be surprising today.
between human and bovine tubercle bacilli. Ravenel was the first to isolate the bovine type from a human source. Then followed further efforts to immunize cattle with dead bacilli and those of weak virulence. Some degree of success was obtained, which protection lasted a year or two, but the method was abandoned after
Pearson and Gilliland in Pennsylvania and Theobald Smith, Schroeder, and Cotton had found it inadequate. Meanwhile, the excitement about tuberculin for dinical use had come alnd gone and numerous clinicians abandoned its use.
Striking improvement in guinea-pig and rabbit experiments had been produced by Trudeau with dead bacilli, avian bacilli, and filtrates of cultures. He never lost faith in the possibilities of some form of specific treatment, and was occupied in attempts to modify tuberculin to lessen its reactive power when I went to Saranac Lake in 1892. When one could see the treated animals with cicatrized lesions in the organs and caseation absent or absorbed it seemed very convincing that some benefit had been accomplished. Nevertheless, relapses or chronic disease ultimately occurred to discourage us and permanent curative effects were doubted.
Then followed serotherapy in 1900; which also had enthusiastic support at first. Most of the serums were imported, but several years were devoted to producing antitoxins for tuberculosis at the Saranac Laboratory, by de Schweinitz and Dorset at Washington, and by Carl Fisch at St. Louis. While failure resulted by following the methods used in diphtheria a strong stimulus was given to the study of the chemistry and toxic products of tubercle bacilli. Notable contributions were made at this time by Levene and by Vaughan. Antibodies could be produced in the blood of animals by various products of tuberde bacilli but they were only demonstrable by agglutination, precipitation, or complement fixation tests and did not neutralize tuberculin reactions. This was a major disappointment.
The true nature of the tuberculin reaction was not understood at that time and the word anaphylaxis, introduced by Richet, was not used until Rosenau and Anderson published experiments from the United States Hygienic Laboratory in 1907. This followed the discovery by Theobald Smith that serum injections might result in sudden death. These deaths were explained as "serum disease" by von Pirquet and Schick in 1903. The whole subject of tuberculin sensitiveness then came under intensive investigation at the Saranac Laboratory, where Krause and the writer made it the paramount object of study for the next six years.
In the knowledge thus gained we learned that the anaphylactic antibody was not an antitoxin and the study of focal tuberculin reactions by Krause brought out the danger of tissue destruction due to the tuberculoprotein in sensitized animals, and explained the hazard of tuberculin reactions.
Sputum examination became a public health measure and new methods of sedimentation or digestion were brought out. Studies on infection and disinfectants were made. Milk was examined, as was the dust of hospital and sanatoria rooms. Other acid-fast organisms, which were not pathogenic, were discovered, especially in milk and water. In these accomplishments the names of Theobald Smith, Hess, Schroeder, Park and Krumwiede, Hance, Kinyoun, Brown and Heise, Price, Rosenberger, and Brem are found among many others.
New and improved culture media and methods of isolation of bacilli were introduced by Dorset with his egg media. Repeated efforts to immunize cattle had been made by Theobald Smith and Pearson and by Gilliland with limited success, yet the effort was continued in Europe by the use of non-pathogenic bacilli culminating in Calmette's "B.C.G."
Early diagnosis by subcutaneous use of tuberculin went through a period from 1890 to 1920, to he largely replaced by the cutaneous test when introduced by von Pirquet.
By far the most important advance in diagnosis was the discovery of the x-ray, the history of which is a separate chapter. Nevertheless, it is necessary to mention the enormous improvement in technic, since the pioneer work of Williams and Cole, provided by Coolidge, an American, in his development of the nitrogen-filled tube which made stereograms possible. It must be clear to all that a new epoch in the discovery of tuberculosis began with the use of tuberculin and x-ray in epidemiology and in industrial medicine. The previous studies of a statistical character by Bushnell and Woodruff of the United States Army are now being revalued by the new methods.
Refinements and improvements in the technic of x-ray methods, such as fluorography, tomography, and angiography, have been added in recent years. Small films have been introduced for large-scale x-ray surveys, especially for military use. Paper films are also utilized for economy (Barnard, Edwards, et al.) . Furthermore, tuberculin and x-ray surveys have been increasing in number and scope, notably in schools, colleges, and large industries (Ferguson, Stiehm, Soper, Edwards, Douglas, Keller, Myers, Hetherington, Long, Hahn, Rhoads, Mencia, Mayer, and Kahn).
In the pathology of tuberculosis there have been very valuable American contributions. Prudden, Councilman, Mallory, Krause, Warthin and Cowie, Opie, and Sweany were engaged in furthering our knowledge of the type and course of infection, and of the transfer of the bacillus by way of the placenta. Wells and Long studied the pathological chemistry of different organs. The pathology of tuberculosis has been subjected to renewed study by Sweany, Feldman, Myers, and Friedman. Sweany traced primary and re-infections in a large series of postmortems. In some cases Rich found meningitis due to pre-existing foci in the brain.
We Meanwhile, an increasing number of cases of pulmonary tuberculosis caused by the bovine bacillus have been reported in England, Scotland, and Denmark.
It may be seen that notable advances have been made in the bacteriology of the tubercle bacillus and they may provide the solution of some of the clinical mysteries arising in the course of this disease.
To refer again to the subject of chemotherapy in America, mention should be made of the very painstaking work of the late Lydia DeWitt in Chicago, especially with dyes and metallic compoundsgold, copper, mercury, and iodine. This work extended over a long period and was done in association with Wells and Long, whose contributions to the chemical pathology and the physiology of tuberculosis have been the most extensive in this country. The most valuable text-book on the subject has appeared under their authorship. The late Paul Lewis, while connected with the Henry Phipps Institute of Philadelphia, made an extensive study of germicidal dyes and other substances. Corper also tried copper and showed that it did not penetrate tuberdes. Petroff, following Churchman's method, introduced gentian violet into culture media to restrain the growth of other bacteria, but he failed to get satisfactory mercurial preparations for clinical use in pleural effusions.
The foreign preparations of gold have been used in this country and must be classed with the mercurial compounds in the toxic properties inherent in heavy metals. The copper and gold preparations are known to act like tuberculin in causing reactions around the tuberculous lesions and therefore involve danger, especially to the kidneys and intestines. The part played by endocrine secretions and hormones in resistance is receiving attention (Steinbach, Heise, Kaplan, Birkhaug, Chang, Getz) .
The possibilities of chemotherapy with the sensational sulfonamide compounds is sufficiently encouraging to warrant continued search for an agent which will be effective in early tuberculosis (Feldman, Myers, Heise, Schlenker) .
We visualize two problems in the future: (2) We have the problem of racial susceptibility and heredity. Some interesting studies have been made in America, and experiments by Wright and Lewis on inbred guinea-pigs showed hereditary disposition. Others, mostly statistical, by Brown and Pope, Raymond Pearl, Govaerts, Bogen, and others are of interest. Pathological examinations by Opie, and tuberculin and x-ray surveys of Indians have been made by Long and Aronson with results which promise help in controlling the disease. An extensive experimental study of heredity has been published recently by Lurie at the Henry Phipps Institute.
The study of Gardner and his associates in the Saranac Laboratory on silico-tuberculosis may be mentioned as timely and as producing practical results in industry. The average laboratory problem in the past has seemed somewhat remote to the layman and it is most gratifying to have a practical application of knowledge brought to the people for their benefit.
